(2), [113] [114] [115] [116] [117] [118] [119] [120] [121] [122] [123] [124] [125] 1988 Generally speaking, the myenteric plexus of the mammalia which lies between the longitudinal and circular muscle layers in the wall of gastrointestinal tract controls the gastrointestinal peristaltic movement mainly (Hukuhara, 1976; Guyton, 1982) . It is well-known that this myenteric plexus consists of clusters of ganglion cells interconnected in the network of nerve fibers. That is to say, this myenteric plexus is the so-called ganglionated plexus. The peristalsis-like movement also occurs in the gallbladder (Matunaga, 1953; Kudo, 1976; Yoshida, 1978) and also the ganglionated plexus lies in the wall of the gallbladder (Alexander, 1940; Burnett, et al., 1964; Sutherland, 1966 Sutherland, , 1967 Miyazaki and Onda, 1980; Cai and Gabella, 1983) . It is, however, not yet concretely evidenced whether the ganglionated plexus controls the peristalsis-like movement of the gallbladder or not. When the relationship between contractile movement and ganglionated plexus of the gallbladder was studied, it seems to have some fundamental significance to reveal how the ganglia in the ganglionated plexus are distributed throughout overall region of the gallbladder and then clarify some characteristics of the way of its distribution. Few reports have dealt with the details of the distribution of ganglia in the ganglionated plexus of the gallbladder. Some reports slightly touched the fact that the number of ganglia in the gallbladders of monkeys, cats and guinea-pigs varied in different regions of the organ (Sutherland, 1966 (Sutherland, , 1967 . It is known that the number of ganglia or ganglion cells in the human gallbladder also varies in different regions of the organ (Alexander, 1940; Burnett, et al., 1964; Miyazaki and Onda, 1980) . Evidences for these knowledges
have not yet been clearly demonstrated by investigators.
Using the guinea-pig gallbladder, the number of ganglion cells contained in one ganglion and the number of ganglia contained in the wall of one gallbladder have been also mentioned by Cai and Gabella (1983) . In addition, the ganglion cells in the human gallbladder were classified in three types by Dogiel (1899) . And Miyazaki and Onda (1980) reported that the majority of ganglion cells in the human gallbladder belonged to Dogiel II type cells. Sutherland (1967) also reported that the ganglion cells in the gallbladders of monkeys, cats and guinea-pigs belonged to Dogiel II type cells. It is, however, doubtful that these knowledges mentioned above reasonably explain the way of the distribution of ganglia in the ganglionated plexus of the gallbladder. The present study, therefore, was designed to reveal the state of distribution of ganglia in the ganglionated plexus of the gallbladder.
Materials and methods
Three guinea-pigs (350-450 g) were killed by a blow on the head and exsanguinated. The gallbladder with a cystic duct and a liver fraction was dissected and washed with Krebs solution via the cystic duct. Each gallbladder with a cystic duct and a liver fraction was fixed and stained by Sutherland's osmium tetroxide zinc iodide method (1963) . That is to say, the following two solutions were prepared: 1) 0.5g of OSO4 was dissolved in 25ml of distilled water.
2) 2.25 g of ZnI2 was dissolved in 75 ml of distilled water and this solution was filtered out. These solutions were mixed immediately before use.
The above-mentioned gallbladder was distended with 2mL of this mixed solution injected with a polyethylene syringe via the cystic duct and the cystic duct was immediately tied with a thread. This gallbladder was placed in excess of the mixed solution.
The flask which held this gallbladder and an excess mixed solution was placed in the dark for 7-10 hours. That is to say, the gallbladder was incubated for 7-10 hours by the mixed solution. As a result of this incubation, the gallbladder was fixed and stained by the solution. After that the cystic duct and liver fraction were separated from the gallbladder. And the gallbladder was longitudinally divided into two approximately equal parts ( Fig. 1-A & B) . The one of the divided preparation is of the ventral side of the gallbladder and the other one is of its dorsal side ( Fig. 1-B) . Each preparation should be expanded evenly when it is mounted in resin. For this purpose, several notches were made with scissors on each preparation ( Fig. 1-B ). And then, the mucosal layer of each preparation was carefully scraped off using a rod with its top rolled up with cotton wool and a pincette in the above-mentioned mixed solution.
Each preparation was briefly washed in distilled water, dehydrated by ethanol, cleared by xylol, expanded evenly and mounted in resin, and viewed through the photomicroscope in order to observe the distribution state of intramural nerve plexus of the gallbladder ( 
Results
Using the osmium tetroxide zinc-iodide method (Sutherland, 1963) When we carried out this observation, we continuously filmed the whole region of the prepared gallbladder with many shots as described in Fig. 4 and continuously connected the pictures together so as to compose an overall image. We thus acquired an image of the prepared gallbladder enlarged 400 times in surface area. The gallbladder was divided into two approximately equal parts as shown in Fig. 1 and each of them was used as a preparation of the gallbladder, while 290-310 shots were required in order to have each image of the preparation enlarged 400 times. The transparent acetate film was put on the image of the preparation enlarged 400 times in surface area. The contour of the image and each position of ganglia which were observed in the image were then plotted on the film. That is to say, a ganglion map was drawn in this way. We, furthermore, found out the ganglia which had not been represented in the image by surveying each preparation with a microscope of higher magnification.
These ganglia were also plotted on the map. The ganglion maps of three gallbladders were thus prepared respectively. One example of them was shown in Fig. 5 . like ganglia which consisted of several spherical ganglia were observed in the gallbladder as shown in Fig. 3 (21-25) . The majority of such ganglia, 15-25 (n=3) ganglia, belonged to the large ganglia group. The others, 1-3 (n=3) ganglia, belonged to the extra-large ganglia group (Fig. 5) . Needless to say, we regarded these ganglia as large or extra-large ganglia. And the ganglia, small, large and so on, were scattered all over the wall of the gallbladder (Fig. 5) . It seemed that more small ganglia than large ganglia were found in the cervical portion of the gallbladder, but small ganglia were not so numerous in the other portion (Fig. 5 ). To reassure with this finding, the following procedure was done. The long diameter of each image of dorsal side and ventral side preparations of the gallbladder was quartered into four equal parts (Fig. 6 ). As shown in Fig. 6 , a line was drawn horizontally on the image at the topmost quarter (cervical side). Each image of the preparation was divided into two parts, a dotted and undotted part, by this line. We regarded the dotted part as a cervical portion of the preparation and the undotted part as its remainder portion (body and fundus) as shown in Fig. 6 . Based Right: the image of the dorsal side of the gallbladder. Scale: long diameter of each image. As shown in this figure, this long diameter was divided into four equal parts.
A line was drawn horizontally on each image at the topmost quarter (cervical side). Each dotted part was taken as the cervical portion of the image. And also, each undotted part was taken as its remainder portion.
M. YOSHIDA and Y. TSURUTA on this dividing, the areas of cervical and remainder portions of the gallbladder were measured using IBAS-2000. The area of cervical portion of one gallbladder was 1.037 cm2 on the average of three gallbladders and that of remainder portion of one gallbladder was 5.537 cm2 on the average of three gallbladders. And 42 small ganglia and 28 large ganglia (including extra-large ganglia) were observed in the cervical portion of the gallbladder on the average of three gallbladders. On the other hand, 198 small ganglia and 243 large ganglia (including extra-large ganglia) were observed in the remainder portion of the gallbladder on the average of three gallbladders.
In the cervical portion of the gallbladder, 41 small ganglia and 27 large ganglia (including extra-large ganglia) per one centimeter square on the average of three gallbladders were thus observed (Table 3) . On the other hand, in the remainder portion of the gallbladder, 36 small ganglia and 44 large ganglia (including extra-large ganglia) per one centimeter square on the average of three gallbladders were observed (Table 3) . That is to say, more small ganglia than large ganglia were found in the cervical portion of the gallbladder.
On the other hand, small ones were slightly fewer than large ganglia in the remainder portion of the gallbladder.
And the number of ganglia per one centimeter square was 68 in the cervical portion of the gallbladder, and was 80 in its remainder portion (Table 3) . That is to say, the number of ganglia per one centimeter square was fewer in the cervical portion of the organ than in its remainder portion. It was observed that there was no concentration of ganglia in any one of the cervix, body and fundus of the organ (Fig. 5 ).
On the other hand, the perivascular nerves which ran parallel to and around blood vessels in the wall of the gallbladder, other than the ganglionated plexus mentioned above, were also observed in the same layer that contained the ganglionated plexus ( Fig. 7-1 ). As the thick blood vessels which ran in the wall of the gallbladder became gradually thinner with every ramification, the perivascular nerves became gradually more vague in the wall of the gallbladder. The perivascular nerves were not possessed of ganglia, while they were connected with nerve bundles of the ganglionated plexus in several places of the wall of the gallbladder ( Fig.   7-2) . The nerve bundles of the ganglionated plexus, however, usually seemed to cross the perivascular nerves and blood vessels (Fig. 7-3 & 4) .
Discussion
It is known that the cervical portion of the gallbladder shows greater electrical and spontaneous contractile activities than its fundus portion, so that the excitability and contractibility of the gallbladder may differ from each other in such portions (Tanioku, 1960; Kodama, et al., 1970; Kudo, 1976; Yoshida, 1978) . The peristalsis creeping from the cervical portion to the fundus portion of the gallbladder has been observed furthermore (Matunaga, 1953; Kudo, 1976; Yoshida, 1978) . Assuming the differences in the excitability as depending upon portions of the guinea-pig gallbladder, Yoshida (1978) suggested that the extent of excitation and the coordination of muscle fibers in the cervical portion of the gallbladder exceeded those of its fundus portion. Harada, et al., (1980) reported that the spontaneous contractile response of each strip preparation which was cut in the direction of circular muscle from cervix, body and fundus of the dog gallbladder did not differ from one another, while that of each strip preparation which was cut in the direction of longitudinal muscle from those portions differ from one another. In this report, they suggested that the origins of difference in the contractile response depending upon each portion of the gallbladder were thought to be attributable to development in the nerve plexus and muscle fibers distributed in the wall of the gallbladder.
Although the presence of a pacemaker cell needs to be proved, it appears that the cervical portion of the gallbladder always indicates high excitability, so that the cervical portion may play a role of a pacemaker to the contractile response of the gallbladder. The origin of difference in the excitability and contractile response as depending upon portions of the gallbladder and the mechanism of the occurrence of peristalsis creeping from the cervical portion to the fundus portion of the gallbladder have not yet been fully elucidated as mentioned above.
In the gastrointestinal tract, the contractile process spreads in an analward direction by the process of peristalsis. And the movement of peristaltic contraction down in the gut is controlled by the myenteric plexus which is a ganglionated plexus spread in the wall of the gut (Hukuhara, 1976; Takita, 1976; Guyton, 1982) . The ganglionated plexus has been also observed in the wall of the gallbladder (Alexander, 1940; Burnett, et al., 1964; Sutherland, 1966 Sutherland, , 1967 Miyazaki and Onda, 1980; Cai and Gabella, 1983) . It is, however, not yet concretely evidenced whether the ganglionated plexus controls the peristalsis-like movement of the gallbladder or not. When the relationship between the peristaltic movement and ganglionated plexus of the gallbladder is studied, it seems to have some fundamental significance to reveal how the ganglia in ganglionated plexus are distributed throughout the overall region of the gallbladder. It seems that this distribution state has not yet been thoroughly deciphered as mentioned in the introduction.
The ganglia consisting of several nerve cells were observed in the wall of the gallbladder and they were full of variety in both size and shape (Fig. 2 & Fig. 3) . Such ganglia and nerve bundles connceting the fellow ganglia formed an irregular network.
The ganglionated plexus was observed as shown in Fig. 4 . In addition, the perivascular nerves which ran parallel to and around blood vessels in the wall of the gallbladder were also observed ( Fig. 7-1 ). Such perivascular nerves were not possessed of ganglia (Fig. 7) . Many yellowish brown belt-like fibers which ran in various directions were observed in the underlayer, that is, the background of the ganglionated plexus and perivascular nerves (Fig. 4) . Using the gallbladders of monkeys, cats and guinea-pigs, Sutherland (1967) stated externally there is a well-developed subserosal layer of areolar tissue in the wall of a gallbladder. In this layer, in close proximity to the underlying muscular layer, lies the myenteric plexus. This muscle layer is incomplete:
the bundles forming a latticework with connective tissue, including many elastic fibers filling the interstices. Beneath the layer is more areolar tissue forming a lamina propia to which the mucous memblane is adherent. The submucosal plexus lies in this areolar tissue. Since the mucous membrane was removed from the wall of the gallbladder in our experiment, the yellowish brown background tissue might correspond to the muscle bundle, connective tissue and so on. Sutherland (1967) , moreover, referred to the ganglionated plexus we mentioned above as myenteric plexus and he also reported that the other ganglionated plexus was not observed in the wall of the guinea-pig gallbladder. Cai and Gabella (1983) obtained the similar results as above regarding the guinea-pig gallbladder, and they also reported that the overall appearance of the ganglionated plexus was similar to that of the submucosal plexus of the duodenum. Consequently, each ganglionated plexus observed by Sutherland (1967) , Cai and Gabella (1983) and us may be identical. In addition, the perivascular nerves were connected with nerve bundles of the ganglionated plexus in several places of the wall of the gallbladder ( Fig. 7-2 ) and this result was almost similar to the one reported by Sutherland (1967) , and Cai and Gabella (1983) . The nerve bundles of the ganglionated plexus, however, usually seemed to cross the perivascular nerves and blood vessels (Fig. 7-3 & 4) . Sutherland (1967) reported that ganglia were arranged in an oval or triangular pattern , but our results demonstrated that they were arranged not only in oval or triangular pattern, but in a spherical and square patterns, or a grape-cluster like pattern which consisted of several spherical ganglia (Fig. 3 ). According to our study, the size of ganglia in the ganglionated plexus of the wall of the gallbladder was divided into three groups and the number of them of each group was also calculated (Fig. 3 & Table 2 ). It was also elucidated that these ganglia were irregularly scattered all over the wall of the gallbladder (Fig. 5) .
The peristaltic movement of the large intestine of the rat and guinea-pig begins at particular portion in the middle of the large intestine, and a closely meshed myenteric plexus is observed in its portion and nerve cells are much more crowded around its portion than its neighbouring portion (Hukuhara and Neya, 1968) . And also, the peristaltic movement of the large intestine of the bullfrog begins in the oral circumference of the orifice where the urinary bladder is opened into the cloaca and many intramural nerve cells are observed in its circumference (Hukuhara, et al., 1972) .
It appeared that the cervical portion of the gallbladder always indicated high excitability and its portion might be playing a role of a pacemaker to the contractile response of the gallbladder as already mentioned. In our experiment, ganglia were irregularly scatterd all over the wall of the gallbladder (Fig. 5) . And it was observed that there was no concentration of ganglia in any one of the cervix, body and fundus of the gallbladder (Fig. 5) , but the cervical portion of a gallbladder seems to have a smaller number of ganglia per one centimeter square compared with its remainder portion ( Table 3 ). The number of ganglia in the ventral side of the gallbladder predominated remarkably over that in its dorsal side (Fig. 5 & Table 1 ). It was also characterized that small ganglia were found more numerous than large ganglia in the cervical portion of the gallbladder, and they were slightly fewer than large ganglia in its remainder portion (Table 3 , Fig. 5 & Fig. 6 ). Sutherland (1967) reported that ganglia in the monkey, cat and guinea-pig were small and scarce around the cervical portion of the gallbladder, increasing in size and number over the body and fundus. Concrete evidences for this finding were, however, not indicated in this report. It appeared that our findings were not in adequate harmony with his findings.
On the other hand, it has been reported that the ganglionated plexus or its ganglia of the human gallbladder were most numerous in the cervical portion that in the body or fundus portion of the organ (Alexander, 1940; Burnett, et al., 1964; Miyazaki and Onda, 1980) , though evidences for this finding were not indicated in their reports.
Evidently the human and guineapig gallbladders, therefore, differ from each other regarding the distribution state of ganglia in the ganglionated plexus or the spreading state of ganglionated plexus.
Detailed descripition regarding the distribution state of ganglia in the ganglionated plexus of the gallbladder or the spreading state of ganglionated plexus of the gallbladdder have not been known hitherto. Authors revealed the distribution state of ganglia in the wall of the guinea-pig gallbladder as above. By means of synthesizing our results, it will be possible to image how the ganglionated plexus spreads throughout overall region of the gallbladder. On the basis of the present study, we can not now and here answer the problems concerning differences in the excitability and contractile response as depending upon portions of the gallbladder (Tanioku, 1960; Kodama, et al., 1970; Yoshida, 1978) and occurrence of peristalsis creeping from the cervical portion to the fundus portion of the gallbladder (Matunaga, 1953; Kudo, 1976; Yoshida, 1978) . Our present results, however, can be expected to offer significant informations for studies on the interaction between these problems and the ganglionated plexus of the gallbladder.
